b,' A series of 265 consecutive cases of intracranial aneurysm were reviewed to assess mortality and its causes. Preoperative and postoperative factors were considered in isolation and in combination. The mortality rate was 20%. Postoperative generalized vasospasm was found to be the major cause of mortality. Advanced age, hypertension, and a poor neurological state at operation were associated with poor results. The study emphasizes the importance of considering variables in combination rather than singly in the assessment of prognosis.
S
URGERY is the most effective method of treatment to prevent recurrent rupture of intracranial aneurysms. The mortality related to this surgery has been reduced in recent years but remains high enough to be a cause of concern. 1,9,12,22,24,s~ A number of factors have been reported to influence operative results, including sex, ",15 age, TM systemic hypertension, ''a2'22 preoperative condition) ,x2 site of aneurysm," number of aneurysms, s and operative method? The incidence of such important postoperative complications as hydrocephalus and vasospasm, and their ultimate effect on outcome, have also been considered in a number of studies. 5,8,t6,2~ However, the relationship between these clinical factors and their combined effect on the patient's ultimate fate is unclear.
The present study was carried out in order to scrutinize in depth various factors that may contribute to outcome from aneurysm surgery and to ascertain their order of importance in prognosis.
Clinical Material and Methods

Patient Population
The patients in this series were all those who were judged to be fit for surgery (Botterell's neurological Grades I, II, and liP) from a larger population of people with intracranial aneurysms. All 265 patients were admitted to the Department of Neurological Surgery, The Radcliffe Infirmary, Oxford, England, between February, 1972, and July, 1977 . Most patients presented with subarachnoid hemorrhage (SAH). In nine cases (3.4%), the aneurysm was discovered in the course of investigation of temporal-lobe epilepsy, third-nerve palsy, retro-orbital pain, or headache.
There were 115 (43.4%) men and 150 (56.6%) women, between the ages of 17 and 80 years ( Table 1 ). All patients had single or multiple aneurysms, demonstrated by arteriography; 211 (79.6%) had a single aneurysm, 42 (15.8%) had two aneurysms, nine (3.4%) had three, and three (1.1%) had four. All aneurysm locations were included and classified in the following manner: anterior communicating artery (ACoA), middle cerebral artery (MCA), internal carotid and posterior communicating arteries (PCoA), anterior cerebral artery (ACA), and basilar and vertebralbasilar system (VBS) ( Table 2) .
Patients who had multiple aneurysms were classified according to the ruptured aneurysm. These patients received the following treatment: craniotomy was first performed on the side where the ruptured aneurysm was located; if there was more than one aneurysm on that side, an attempt was made to obliterate all of them. Nine patients (3.4%) with bilateral aneurysms, who recovered from their first operation successfully, had a second elective operation for clipping of the aneurysm on the opposite side. This operation was carried out a few months after the first. Four patients had undergone previous aneurysm surgery in other centers a number of years before admission to our department. In all cases they presented with SAH secondary to untreated aneurysms. These patients were classified according to the most recently ruptured aneurysm. In addition to age, sex, side and site of aneurysm, multiplicity, and number of operations, certain other clinical variables were considered in the analysis of outcome. Postoperative Spasm and Hydrocephalus. The development of postoperative cerebral arterial spasm is viewed as a major complicating factor in the clinical management of patients with SAH? al,24 However, the exact role of vasospasm in the mortality and morbidity associated with intracranial aneurysms remains unclear. In this series, postoperative cerebral vasospasm was identified by radiological criteria: spasm was considered to be present when there was a decrease in the caliber of vessels from preoperative angiography. Evaluation was made by the neuroradiologist on the basis of careful visual estimation. The indications for postoperative angiography were either to confirm obliteration of the aneurysm, or to assess the patients with a deteriorating neurological state. In all, 170 patients (64.1%) had a postoperative angiogram. Of these patients, 49 (28.8%) showed no spasm, 59 (34.7%) had spasm of the aneurysm or L. Artiola i Fortuny and L. Prieto-Valiente vessel (local), and 62 (36.5%) had spasm of two or more major vessels (generalized). In the analysis of the effect of spasm on outcome, only patients who had a check angiogram have been considered. There were no differences between these patients and those who did not have postoperative angiography in terms of preoperative variables (chi-square tests), except for Botterell's neurological classification. There seemed to be an overrepresentation of patients in Grade II in the angiography group.
Variables
Sixteen (6.0%) patients developed postoperative communicating hydrocephalus necessitating a further surgical intervention for ventriculoatrial shunting. Of these, four had both hydrocephalus and generalized vasospasm.
The development of postoperative neurological signs during the first postoperative week was recorded. Because of the multiplicity of local and diffuse signs in the population, the patients were classified into four groups as follows: 1) no neurological signs (66 patients, 24.9%); 2) diffuse signs (68 patients, 25.7%); 3) local signs (123 patients, 46.4%), and epilepsy (nine patients, 3.4%).
Statistical Treatment of the Data
Data were analyzed using a statistical package at the Oxford University central computer (ICL 2900). When necessary, special programs were written in Fortran IV. Comparisons between and within population features (such as, age and sex) and clinical variables were performed using chi-square analyses. The same method was used to compare population features and clinical variables of the group of deceased patients to the group that survived. In order to specify 1) which combination of factors gave the best prediction of results in terms of survival, and 2) the relative contribution of each factor to outcome, discriminant function analyses using a stepwise method were performed. The mathematical objective of discriminant analysis is to weigh and linearly combine the discriminating variables so that the groups are forced to be as statistically distinct as possible. ~7 
Results
Mortality
Sixty-one patients died between the time of the operation and five years later. The number of patients who died while waiting for surgery is not considered in this study. Therefore the mortality rate shown here is not the same as the figure for the aneurysm population admitted in this department. In 53 of the 61 cases (20% of the total population), death could be attributed directly to the aneurysms. Eighteen (34.0%) of these patients died during the first postoperative week, 19 (35.8%) died 1 to 4 weeks postoperatively, and 14 (26.4%) died between 1 month and 1 year after the operation. Two patients died during the 2nd and 3rd postoperative years. All of these patients were totally disabled between the time of surgery and death, and required full-time professional care.
The remaining eight deaths were due to unrelated causes (for example, carcinoma and cardiovascular disease). As these eight patients had resumed their previous activities before they died and as there was no reason to believe that their aneurysms would have given them further trouble, they were included in the group of survivors for the analysis of mortality.
Effects of Age
The mortality rate increased significantly with age (Table 4) .
Effects of Systemic Hypertension
Mortality among patients with preoperative hypertension was more than twice as high as that of patients with borderline hypertension (140/90 mm Hg), or that of normotensive patients ( Table 5) .
The incidence of hypertension and borderline hypertension clearly increased with age (Table 6 ). In addition, there was a significant difference between the various aneurysm sites with regard to systemic blood pressure: more patients with MCA and VBS aneurysms were hypertensive or borderline hypertensive than patients in other groups.
Effects of Preoperative Neurological Status
The best survival rate was shown by patients in Botterell Grade I. The increase in mortality with worsening of preoperative status is illustrated in Table 7 .
Effects of Surgical Treatment of the ,4neurysm
The mortality rate in patients whose aneurysms were wrapped was twice as high as that of patients with clipped aneurysms (Table 8 ). This may reflect on the above-mentioned anatomical difficulties of these aneurysms. Alternatively, it is possible that the wrapping procedure caused more damage to vessels. In this series, aneurysms of the PCoA were wrapped less often (3.4% of cases), and ACoA aneurysms more . The increased mortality in the wrapped group is not related to a higher incidence of postoperative rebleeding, but it is associated with complications in the early postoperative period.
Effects of Postoperative Arterial Spasm
There was a clear-cut relationship between a high mortality rate and postoperative spasm: it was highest in patients with the generalized condition, followed by patients with localized spasm (Table 9 ). The mortality rate of patients who did not suffer this complication was one-fifth that of the generalized group.
In the group of patients for whom data on postoperative vasospasm are available (170 cases), the (Table 10) : generalized spasm was most frequent between the ages of 40 to 59 years (the 17 to 19 age group consisted of four patients only, two of whom suffered vasospasm, but the group is too small to permit inferences). On the other hand, localized spasm peaked between the ages of 20 and 29 years, remained quite high in the third decade, but decreased thereafter.
Effects of Postoperative Communicating Hydrocephalus
The mortality rate in patients who developed communicating hydrocephalus was 31.2%, as opposed to 19.3% in patients who did not suffer the condition; this difference was not statistically significant.
Observations on Postoperative Neurological Signs
The older age groups showed a significantly higher incidence of both diffuse and focal neurological signs than the younger age groups (Table 1 1 ). The location of the aneurysm also had a significant effect on the development of postoperative neurological signs: the highest percentage of patients with diffuse signs was in the ACoA group, while the MCA and PCoA sites produced a high incidence of localized signs. The ACA group showed the lowest incidence of neurological signs, but there were only seven patients in this group (Table 12) . Patients with aneurysms in midline structures had the lowest incidence of focal neurological signs; this group also showed the highest incidence of diffuse neurological signs. Patients with laterally placed aneurysms showed a high incidence of focal neurological signs. Epilepsy was found most commonly in patients with right-sided aneurysms (Table 12) . Although not surprising, these findings show that aneurysms create a tangible localized lesion. Botterell Grade I patients showed the lowest incidence of neurological signs, and Grade III had the highest incidence of diffuse neurological signs (Table 13) .
Most patients with generalized vasospasm also showed local or diffuse neurological signs. On the other hand, more than half of those patients who never showed postoperative neurological signs did suffer localized vasospasm (Table 14) . Of the 16 patients with hydrocephalus, 11 (68.7%) showed diffuse neurological signs postoperatively (as opposed to 22.5% of patients without hydrocephalus); the remaining five patients had local neurological signs (as opposed to 46.8% of patients without hydrocephalus). This is probably a reflection of the diffuse effects that this condition has on brain tissue. It may also be an index of severity of the initial SAH. Patients with no recognizable neurological deterioration in the postoperative period survived significantly more often than those who did deteriorate (X 2 = 35.18, p < 0.0000). 
Value of Preoperative Factors
Results of simple comparisons showed that a number of interrelated factors influenced outcome. In order to explore to what extent the fate of the patient was determined on admission, a discriminant function analysis including only preoperative variables was performed. The following variables were found to accurately predict mortality for 73.58% (69.8% of those who died, 74.5% of those who survived) in this order of importance: 1) Botterell grade; 2) age; 3) blood survive. Figure 1 shows the distribution of patients in the two groups. Although it is evident that there is considerable overlap between the two groups, the predictive power of the factors considered in combination is very significant. Indeed, the X 2 value of the discriminant function is 50.08 (df = 5, p < 0.000).
Value o f Operative and Postoperative Factors
In order to learn which combination of factors best predicted outcome in the early postoperative period, a second discriminant function analysis was performed, adding to the previous factors the operative (clip/ wrap, surgeon) variables and the two postoperative variables (spasm and hydrocephalus). Although only 170 patients (those who had postoperative angiography) could be included in the analysis, the predictive power was raised to 82.35% (80.6% death, 82.8% survival). On this occasion the following factors were found to contribute to outcome in this order of importance: 1) spasm; 2) Botterell grade; 3)hydrocephalus; 4) age; 5) aneurysm side; 6) whether the aneurysm was clipped or wrapped; 7) number of operations; 8) sex.
The equation for predicting outcome is as follows: Dc ---0.51 (spasm) -0.43 (Botterell grade) -0.34 (hydrocephalus) -0.41 (age) -0.21 (aneurysm side) -0.19 (clip/wrap) +0.14 (number of operations) -0.13 (sex). The discriminant scores for the group of deceased patients range from -3.71 to 0.89 (group centroid = -1.12), whereas the scores for the survival group ranged from -1.49 to 2.01 (group centroid = 0.30). The predictive power was thus considerably increased by the inclusion of operative and postoperative variables (discriminant function x 2 = 67.339, df = 8, p < 0.000). Figure 2 illustrates these results.
Discussion
Postoperative vasospasm appears to be the single most important factor in determining the patient's ultimate fate. In this series, 71.2% of the 170 patients who received postoperative angiography exhibited vasospasm. A number of authors x2'16'27'28 have reported that narrowing of the arteries has no effect either on the neurological condition of the patients or on the surgical outcome. Our results are not in agreement with this notion; on the contrary, they support the authors 2,5,21,24ae who consider vasospasm to be the major cause of neurological signs and of postoperative death and disability. Considering that in our series the group of patients who received postoperative angiography was slightly biased against patients in Botterell Grade III, it can be inferred that vasospasm is a threatening complication even to patients who are in reasonably good condition preoperatively. The fact that postoperative spasm does not go hand in hand with other factors known to influence outcome unfavorably (such as increasing age, worsening Botterell grade, and hypertension) points to the strong probability that it is, in its own right, a deleterious condition. This does not necessarily mean that vasospasm per se is the only culprit; rather, it is likely that it can set the stage for events that further alter cerebral metabolism. 7 Our finding of increasing mortality with age is not surprising. The adverse effect of age on prognosis is generally accepted, with the exception of Drake's report 5 that age made no difference in the outcome of surgically treated patients. The association between systemic hypertension and poor prognosis is also a common finding. 9'12-~Sa2'2s The high correlation between poor preoperative clinical condition and death is again in agreement with the previous reports, x,~~ Patients who did not present with SAH, and who therefore were not classified, showed a surprisingly high mortality rate, but owing to the relatively small sample size in this group (nine patients), no conclusions can be drawn. This result does suggest, however, that aneurysm surgery even without SAH is not without risks.
We found no significant correlation between timing of surgery and outcome when that factor was con-M o r t a l i t y in s u r g i c a l l y t r e a t e d a n e u r y s m s sidered in isolation. However, in combination with the other preoperative variables a significant result emerges: the later the patient is operated on, the better the result. This finding is also in keeping with that of previous reports. 1'9'1~'s~ Some reports of microneurosurgical series 12' 2~a8' 8~ have suggested that the location of the aneurysm is not a factor in prognosis. The results in this series confirm this. However, when considered in combination with other variables, it is evident in our series that the side of the aneurysm is an important factor. Inspection of the data showed that only 13.9% of the patients with left-sided aneurysms died, as against 21.9% of patients with right-sided aneurysms, and 23.5% of patients with aneurysms in midline structures. This result is rather puzzling, as there is no apparent reason why aneurysms of the left side of the brain should cause less trouble than aneurysms placed either on the right side or in midline structures. The presence of multiple aneurysms does not seem to influence significantly the outcome of surgery.
It is interesting that the number of operations was found to be related to outcome when this factor was considered in combination with the other variables. The fact that the small group of patients who underwent two operations had a higher survival rate than those who had only one is taken as an indication of the preselection and possibly higher resilience of these patients. Indeed, only those patients with multiple aneurysms who had made a satisfactory recovery from the first operation had the second elective intervention.
In isolation, the sex of the patient had no significant influence on outcome and this is in keeping with most other reports. However, it is important to note that in combination with other factors the sex of the patient did make a significant contribution. In our group of 170 patients who received postoperative angiography, male patients had a higher probability of surviving, and this is evident when all factors are weighed. Our finding of a higher mortality among patients whose aneurysms were wrapped as opposed to the group with clipped aneurysms is in keeping with a number of other reports? ,~~ Clearly, clipping should be the operative method of choice whenever possible. The personal operative techniques of each surgeon had no influence on mortality. This observation stresses the importance of the preoperative state of the patient in terms of outcome, especially considering that in this series the three surgeons differed in their choice of anesthetic procedures, especially with reference to operative hypotension.
Hydrocephalus was not a common complication in our series, but the mortality rate among the 16 patients with this condition was higher than that of the rest of the population. Interestingly, it was found more often in patients in Grade I (11 patients) than in other grades (no patient in Grade II and four patients in Grade III), and it is the third most important contributory factor in determining the patient's ultimate fate. Such factors as vasospasm, age, preoperative neurological status, systemic blood pressure, and operative treatment of the aneurysm have, in isolation, a tangible negative effect on outcome. However, prognosis is best predicted when the various clinical aspects are considered in combination. This technique shows that factors that may hitherto have been considered unimportant play an important role. It also allows the clinician to obtain a more complete, and hopefully more accurate, picture of the patient's chances of survival.
Conclusion
Survival following aneurysm surgery appears to be determined to a large extent by preoperative conditions. We think this study shows the importance of considering factors in combination rather than as single independent entities. Age, the most important preoperative factor, cannot be changed; neither can the location of the aneurysm be altered. However, it is possible for the surgeon to consider the factors that significantly influence outcome in order to reach the decision to operate or treat conservatively. Preoperative neurological status (Botterell grade) could presumably be improved in some cases, but the chances of fatal rebleed during the waiting period for improvement may make the clinician hesitate between operating on an individual with a poor neurological state and risking a further SAH. The same applies for treatment of hypertension. The great influence of postoperative vasospasm on outcome is discouraging as, to date, there are no effective methods of avoiding the development of this condition.
